A SURVEY of the vast amount of work that has been done on the use of metals in surgery shows that very few metals have been found to be satisfactory, most of them giving rise to unfavourable reactions in the surrounding tissue. Opinion is divided as to whether this is due to corrosion or toxicity. It seems probable that both factors are concerned. If a metal is completely inert, it exerts no harmful effects, but if it corrodes, the damage done is proportional to the quantity of ions passing into solution and the toxicity of those ions.
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DISCUSSION ON METALS AND SYNTHETIC MATERIALS IN RELATION TO TISSUES
Dr. E. G. C. Clarke (Department of Physiology, Royal Veterinary College): In vitro Aspects of Metallic Corrosion in Tissue Fluids A SURVEY of the vast amount of work that has been done on the use of metals in surgery shows that very few metals have been found to be satisfactory, most of them giving rise to unfavourable reactions in the surrounding tissue. Opinion is divided as to whether this is due to corrosion or toxicity. It seems probable that both factors are concerned. If a metal is completely inert, it exerts no harmful effects, but if it corrodes, the damage done is proportional to the quantity of ions passing into solution and the toxicity of those ions.
Only three metals-tantalum, vitallium and stainless steel-seem to have found general clinical application. None of these is perfect. Tantalum is scarce and expensive, vitallium is difficult to work, and not all stainless steels are inert. It seems likely that, among the very large number of alloys known, there may be some that might be much more suitable than the metals now employed. But before any clinical use could be made of these metals extensive animal experiment would be necessary, and obviously the time and expense involved in testing a large number of metals in vivo would be prohibitive. Before any animal experiments could be undertaken it seemed necessary to investigate the behaviour of metals in biological fluids with a view to finding a method that would pick out those most likely to be useful.
The subject of metallic corrosion in general has been extensively studied by physical chemists and it has been shown to be an electrochemical phenomenon. Unfortunately, no existing method of investigation seemed suitable for our purpose. The techniques used by many of the workers in the biological field have been chemically inadmissible. For example, current has been measured instead of potential, and when potential has been measured unsuitable reference electrodes have been employed. On the other hand, in the field of physical chemistry, the methods evolved have been for dealing with far simpler systems. One cannot take a procedure that is suitable for, say, iron in sea-water and apply it to a complex alloy in such a complicated medium as living tissue. It seemed to us desirable to start the investigation ab initio, with a view to finding some reproducible electrical measurement that would correlate with the known behaviour of metals in tissue. For this purpose we started with the premise that certain metals (tantalum, platinum, vitallium, gold) were inert in tissue while others (iron, magnesium) underwent gross corrosion.
Our first experiment was to measure the static potential between a plate of the metal and a calomel electrode, both immersed in serum at 37' C. This method gave no useful results, as it was impossible to obtain reproducible figures and those obtained showed no correlation with the known inertness of the metal.
We next tried electrolytic experiments, measuring the weight lost per coulomb when a current was passed between two electrodes of the metal in a bath of serum-a quantity which, for an element, would be its electrochemical equivalent. This was also unsatisfactory, but one interesting fact came to light. In the case of the inert metals a much greater potential was needed to pass a given current through the electrolytic cells than in the case of the metals that corroded easily. It seemed that this phenomenon was worth investigating further.
The circuit shown in Fig. 1 was fitted up, current being passed through a rheostat, a milliammeter, and a cell containing serum continuously stirred. The electrodes consisted of strips or rods of the metal under test connected to a valve potentiometer. Both current and potential were noted, and the rheostat readjusted, a series of readings being obtained. Some of the results are shown graphically in Fig. 2 . It will be seen that, although the inert metals come at the top, the results are not satisfactory, as the curves cross in some cases. Thus, if we take 10 microamps as our standard current, silver comes higher than lead, but at 100 microamps the reverse is the case. A repetition of the experiment using smaller currents gave no better results, tin, for example, coming above platinum.
It must be realized that what we have been measuring is just the difference between two quantitiespotential at the anode, and potential at the cathode.
In order to measure these quantities independently, the circuit shown in Fig. 3 was fitted up. It is similar to the last one, except that a calomel electrode is now included in the cell. The potential difference between the anode (or cathode) and the calomel electrode is noted for different currents. In the case of the cathodic potential, there was no correlation at all with the known inertness of the metals.
Some of the anodic potentials are shown graphically in Fig. 4 . It will be seen that while the inert metals show the highest potentials the results are still not satisfactory, as in some cases again we have lines crossing, so that any figure we arrive at is dependent on the current passing. Fig. 4 shows that while some metals such as copper and silver give straight line graphs with only a slight gradient, others such as gold, rise steeply at first and then become almost parallel with those for the former metals. Now it must be realized that this anodic potential is the sum of two effects:
(1) The potential due to the "iR" drop across the electrolytic cell, due to the current passing through it. If the cell behaved as a simple conductor, and obeyed Ohm's law, the potential would vary as the current, and we should get a straight line graph with a slight gradient as in the case of copper.
(2) A back E.M.F. due to the reaction between the anions present and the anode. It is this potential that we want to measure. The curves for metals -such as gold suggest that it increases with current finally rising to a maximum, when the graph becomes a straight line, and shows only the Ohm's law gradient.
In order to measure this back E.M.F., the circuit shown in Fig. 5 was set up. The cathode is a large calomel half cell H, connected to the bath of serum C by a KCl-agar bridge A. The anode X is formed by a strip of the metal under experiment which is rotated by the motor M to give constant stirring. Current from the potentiometer P is passed through the galvanometer G and the cell system H A C, the potential difference being read from the valve potentiometer. After a series of readings, the resistance of the cell H A C is found in the usual way by making it one arm of a bridge, using alternating current.
If this resistance R be multiplied by i, the observed current, we get V', the potential drop due to the current. This is subtracted from V the observed potential giving us V-V' the 0oo back potential at the anode, or anodic back E.M.F. (ABE). As V increases this value iOO Ta rises to a maximum where it remains con-Au stant over a considerable range. looking. Its great advantage is that the metals are spaced out over a wide scale (3,000 millivolts), and small variations due to experimental error, or differences between two specimens of the same metal do not affect the position of the metal in the series. We suggest that any metal high on the list, if mechanically and economically suitable, is worth testing by animal experiment. In all, some eighty metals were examined by this method. Details of these, together with a description of a direct reading circuit for finding the anodic back E.M.F. are to be published.
Acknowledgments.-My thanks are due to Professor E. C. Amoroso for his help and encouragement in carrying out this work.
Mr. J. Hickman (Animal Health Trust, Newmarket): Experimental Observations with Metals in the Bones of Dogs THE experiments I propose to discuss were planned with a view to either confirming or disproving the validity of Dr. Clarke's in vitro work by actual in vivo experiments. With this object in view it was decided to implant into the long bones of dogs the following eight metals which range from those considered inert to those that should provoke a very definite tissue reaction.
1. Tantalum: Of recent years this metal has found a place in surgery and is generally considered to be inert and well tolerated by bone. For this reason and because it has an ABE of 1650 it was selected.
2. Vitallium: This chrome-cobalt-molybdenum alloy was included as a "control" because vast practical experience of its use for a great variety of orthopedic purposes during the last ten to fifteen years has shown that it causes little or no adverse tissue reaction.
3. Vinertia 'C': A British chrome-nickel-molybdenum alloy. 4. Vinertia 'S': A British chrome-cobalt-nickel alloy. These two alloys have an ABE of 880 and 750 respectively, which is higher than vitallium (ABE 650). For this reason and because they contain nickel they were considered worthy of further investigation. There are many varieties of stainless steels and of them the Fracture Committee of the American College of Surgeons only recommend 18-8 Smo steel for use in the body. These steels contain a percentage of molybdenum. The work of Clarke suggests that the higher the molybdenum content the more inert the steel. For this reason it was decided to test both an 18-8 Smo steel and an 18-8 steel to see if any appreciable difference in tissue reaction was detectable. 7. Silver: Although this metal has had periods of popularity, to-day it is generally considered to provoke unfavourable tissue reactions. It has an ABE of 110 and should therefore, by this classification, provoke a very definite tissue reaction. 8. Mild Steel: This steel has an ABE of -480 and therefore should produce a very unfavourable reaction when compared with steels of the F.M.B. and F.S.T. varieties.
To test these metals, rods measuring i in. x 5/32 in. were made and inserted into the femurs and tibias of dogs. Three dogs were used to evaluate each metal. Into each dog 5 rods were implanted, 3 into the femur and 2 into the tibia, one dog from each group being sacrificed at three, six, and twelve months respectively.
The implants were inserted under normal theatre aseptic and antiseptic precautions and in order to reduce complicating factors to a minimum no antibiotics were used either locally or parenterally. I shall discuss the changes in weight of the implants and the radiological observations.
I. CORROSION AND WEIGHT Loss OF METALS
Individual implants were weighed prior to insertion and on removal. The only weight changes detected were those of the silver and mild steel implants which lost 1-37 and 1 -87 mg./sq. cm. of surface area respectively. At post-mortem these implants were loose and surrounded by an area of dark discoloured bone. Individual silver implants were dulled and those of mild steel grossly corroded. Implants of all the other metals were firmly implanted and showed no clinical evidence of any bone changes. In addition, they were as bright on removal as when inserted and exhibited no evidence of corrosion. II. RADIOLOGICAL The femur and tibia of all the dogs were examined radiologically immediately after operation, periodically whilst under observation and finally at post-mortem. The radiological observations under the headings of the metals implanted are as follows: 1. Tantalum: The only reaction observable up to 367 days post operation was an increased density and thickening of the cortex around the individual implants in the femur and tibia (see Fig.l ).
2. Vinertia 'C': The reaction observed at 410 days post operation was similar to that produced by tantalum but very much less intense. However, in two of the dogs there was a marked reaction of the cortex of the tibia with partial expulsion of one of the implants. In one dog this reaction was evident by the 45th day but had considerably subsided by the 186th day post operation.
3. Vinertia 'S': A slight thickening and increased density of the cortex developed around the implants in the femur but was not very pronounced by the 378th day post operation. However, a fairly marked reaction occurred around all tibial implants which gradually subsided and was only recognizable as a thickening of the cortex by about the 200th day post operation. 4. Vitallium: A slight thickening and increased density of the cortex was present around the implants by the 361st day post operation. In two of the dogs, by the 35th day post operation, a marked cortical reaction was present around the tibial implants but this had subsided by the 200th day post operation. 5. F.M.B. Steel: The only reaction observed was a slightly increased density and thickening of the cortex around the implants except in one dog which had partially expelled one implant from the tibia by the 30th day post operation. This was accompanied by considerable cortical reaction but had subsided by the 104th day post operation.
6. F.S.T. Steel: The only reaction observable was a very slight increase in the density of the cortex around the implants with the exception of one dog in which a marked cortical reaction of the tibia developed by the 48th day but this had considerably subsided by the 133rd day post operation (see 7. Silver: An area of bone destruction occurred around the implants in the femur and was observable by the 122nd day in one dog and in another by the 195th day post operation. In addition, a thickening of the cortex with increased density developed around the implants which was very marked by the 371st day post operation. The cortical reaction around the implants in the tibia was very intense and resulted in all the implants being expelled, with the exception of one, by the 6th week post operation. This reaction gradually subsided and left a grossly thickened cortex.
8. Mild Steel: An area of bone destruction occurred around all the implants in the femur and was accompanied by a slight thickening and increased density of the cortex (see Fig. 3 ). Two of the dogs developed an intense cortical reaction around their tibial implants which gradually subsided leaving a thickened cortex with increased density. SUMMARY An examination of these radiographs indicates that the bone reactions to the metallic implants may be considered under two separate heads, i.e. those reactions occurring in the femur and those occurring in the tibia.
Femur.-The changes occurring in the femur are characterized by an increase in the density and thickening of the cortex around all implants, the absence of any early intense cortical reaction and the non-expulsion of any of the implants.
Tibia.-Thickening and increased density of the cortex around implants was a constant feature but, in addition, in many cases an early intense cortical reaction, often with expulsion of an implant was a common feature.
No reaction of the periosteum was observed radiologically, and preliminary histological examinations indicate that only the mild steel implants have provoked any such reaction.
In conclusion, it would appear that the weight losses together with the radiological observations indicate that Dr. Clarke's in vitro method does give a measure of the inertness of metals, and I would suggest that those metals and steels having an ABE above + 300 will probably provoke insufficient destructive tissue reaction to preclude their use for orthopedic purposes whereas those having an ABE below + 300 will probably provoke a degree of destruction which will make their use for orthopadic purposes undesirable.
Dr. Douglas H. Collins (Department of Pathology, University of Leeds):
Structural Changes around Metallic and Plastic Appliances in Human Bones TH-S report concerns the gross and microscopical findings in a series of human bones from persons dying at varying times after operations in which metallic or plastic appliances had been inserted. All the bones studied have been femurs after operation for cervical or pertrochanteric fracture or for osteoarthritis of the hip-joint.
Stainless-steel Smith-Petersen nails have been used in 12 patients whose bones were examined at times ranging from six days to five years after operation.
The reaction around stainless-steel screws has been studied at eleven days and at five weeks after their insertion.
Eight examples of bones containing methyl-methacrylate femoral head prostheses of the Judet type have been examined at times ranging from fourteen days to thirteen weeks after operation.
The findings in the cases of stainless-steel nails and screws have been reported in detail elsewhere (Collins, D. H., 1953, J. Path. Bact., 65, 109) . In broad outline the behaviour of the bone to stainless-steel, non-corrodible nails can be summarized thus: At five days, repair of the injury caused by the insertion of the object has begun by organization of effused blood. By five weeks, the object is ensheathed by a fibrous-tissue wall. By five months, an incomplete shell of new coarse-fibred bone has formed in the fibrous-tissue wall. By five years, the bony wall has developed into a true cortex of normal lamellar bone, lined by a periosteum derived from the original fibrous track-lining. The sequestration of the foreign body is thus completed. The same type of change is seen around stainless-steel screws, except for the devitalization of compact cortical bone when a high-speed drill is used.
A comparable sequence of changes was seen in the case of the plastic prostheses when the fibrous and bony tissues surrounding the inserted stem of the appliance were studied microscopically, although no very longstanding post-operative cases have yet become available for examination.
It seems clear that, when a bland or biologically inert material, such as modern stainless steel or plastic, is inserted in the medullary cavity or spongiosa of human long bones, a succession of changes takes place in the tissues around the object, leading ultimately to its sequestration. It becomes separated and excluded from the internal structure of the bone.
A bland or biologically inert material may be defined as one which does not destroy the vitality of the adjoining tissues, which provokes no inflammatory response beyond that occasioned by the trauma accompanying its insertion and by its presence as a physical and non-vital structure, and which does' not impede the process of fibrous or osteogenic repair. The bland material must itself be able to resist corrosion by the tissues and tissue fluid in which it lies. The stainless steel concerned in this series of observations comprised 18 % chromium, 8 % nickel, small amounts of silica and manganese and a trace of carbon, and both this material and methyl-methacrylate plastic, within the period of time covered by the observations, appear biologically inert by these standards, for there is no evidence in the human tissues studied of a granulomatous or giant-cell reaction around these buried materials or of impairment of repair processes or of interference with remodelling of the bone structure. On no occasion has there been any evidence of osteolysis in the neighbourhood of the appliances, resembling the electrolytic absorption of bone which used to be seen around the old-fashioned corroding metal nail. It is important not to confuse resorptive changes resulting from pressure of the artificial femoral head on the amputated neck of the bone with a possible toxic influence of the material itself. Extensive changes of bone structure both destructive and degenerative may result from wholly mechanical influences.
Mr. John T. Scales (Plastics Research Unit, Institute of Orthopaedics, University of London):
Tissue Reactions to Synthetic Materials THE plastics industry has, during the last fifteen years, produced a great number of synthetic organic materials having widely differing chemical and physical properties. It is this diversity of properties which makes them of interest for surgical purposes. Because of greater mechanical strength, metals are not likely to be replaced for screws, nuts and bolts, and plates. For other purposes such as joint interpositions and the replacement of bones, the synthetic resins have considerable possibilities. To some extent the suitability of a resin for surgical purposes can be predicted with a knowledge of its chemical composition, and it is therefore desirable that manufacturers supply a complete qualitative analysis of any synthetic material which is to be used. This question of analysis raises difficulties as the disclosure of the composition of a particular material may be thought to lead to leakage of information from one company to another, especially if the work is published. All materials, therefore, should have a reference number allocated to them by the manufacturer so that if work is published about a particular resin and others wish to use the material, they will be assured of a supply which has the same composition. Necessary Qualities ofSynthetic Materials to be Used as Implants The implant nrust: 1. Not be physically modified by tissue fluids. 2. Be chemically inert. 3. Not excite an inflammatory or foreign body cell response in the tissues.
Be non-carcinogenic.
5. Not produce a state of allergy or hypersensitivity. 6. Be capable of standing up to mechanical strains imposed upon it, as for example, friction when placed in a joint. 7. Be capable of being fabricated in the form required with reasonable ease at a relatively low cost. 8. Be capable of being sterilized.
Tissue reactions to plastics.-All plastics are complex organic compounds. In their manufacture there may be incomplete reaction of their constituents so that, when implanted in the body, various compounds may diffuse out from them. These may, or may not, excite a tissue reaction. Furthermore, many resins contain a number of additives such as catalysts, plasticizers, pigments, stabilizers, fillers, and stripping agents. Table I shows common examples of these various agents. Certain of these may be capable of producing tissue reactions themselves, although the resin itself is inert. 
Proceedings of the Royal Society of Medwcine
Polymethyl methacrylate resins produced in this country areremarkably inert in the body, but in America it has been stated that some acrylics promote a tissue reaction (Wilson, 1946; Dufourmentel, 1948) . The reports, however, do not give details of the composition of samples used. It may be that they contained different plasticizers or were incompletely polymerized. It has been shown by Spealman and his associates (1945) that local application of monomethyl methacrylate to the skin of rabbits produced a fleeting irritation with mild erythema at the site of application. Reapplication ten days later resulted in evidence of sensitivity in 20% of the rabbits. The completely polymerized unplasticized polymer, however, causes no irritation and is widely used for dentures and artificial eyes.
In America certain samples of polythene solvent cast by-the Dupont Co. had been adulterated by the use of a stripping agent, dicetylphosphate. In contrast to other reports about polythene, Yeager and Cowley (1948) found that this particular batch of polythene provoked a marked fibrous tissue response.
They have used this type of polythene for repair of hernias because of the marked fibrous tissue reaction that was induced when it was implanted in the abdominal walls of experimental animals.
In this country polythene is not solvent cast and no similar reaction has-been reported with the film.
For certain applications, however, the use of a material containing a contaminant is advantageous providing that the reaction can be controlled. The preliminary study of the response of the tissues to materials which may be of use in surgery is best carried out in small animals such as the rat or guinea-pig. Prolonged observation is essential. Turner has shown that a particular phenol formaldehyde resin produced by the Bakelite Corporation implanted in the anterior abdominal wall of rats resulted in the development of spindle cell fibrosarcomas at the site of implantation in four out of nine rats which-survived for over twenty months. We have had samples of a British product, Catalin 190M, implanted in guinea-pigs for over two years with no more than minim4 fibrous tissue response (Fig. 1) . A similar resin, Catalin 22K, has been implanted as a distance piece in the mid-shaft of a femur of a goat (Fig. 2 ). X-rays show no changes in either the bone or the callus. There-is a condensed layer of new bone in contact with' the implant. These apparently contradictory findings may be due to species difference, or to difference of cherical composition of the resin. An idea of the toxicity of these resins can thus be obtained by animal experiments, but the mechanical effects such as friction to which a prosthesis may be subjected in the human body can rarely be gauged.
Mechanical Properties of Materials
Abrasion of the surface of the implant may produce fine particles which, because of their size and shape, will produce a tissue reaction. LeVeen and Barberio (1949) believe that besides the chemical properties of the resin, due attention should be paid to its physical characteristics. Their method of study was to inject plastics in a finely divided. form, intraperitoneally. Irn this way a large surface area per unit mass is brought into contact with the tissues, the particles being small and irregular in shape. The conditions required for the production of fine particles are sometimes present when implants take part in the formation of a joint. A knowledge of the surface hardness and abrasion resistance of materials is therefore of importance. Fig. 3 shows the typical reaction induced by the implantation of a small piece of pure polythene rod in the anterior wall of a guinea-pig 774 days previously. There is a thin laminated layer of fibrous tissue forming a capsule between the implant and the loose connective tissue surrounding the muscle. Being a non-wettable and non-porous material, there is no adhesion of the capsule to the implant which was lying free in the capsular space. There are no giant cells or other inflammatory cells present. Contrast this with Fig. 4 which shows the tissue reaction induced by the same material when abraded to fine particles in a joint. Case L.-A female patient, aged 53, suffering from bilateral osteoarthritis, had a left-sided vitallium cup arthroplasty carried out, followed thirty-five days later by a right-sided polythene cup arthroplasty. Nine weeks after the operation the right hip was painful. After a further seven weeks there was increased pain with restriction of movement and an X-ray suggested that the cup had worn through. There was also evidence of erosion of the acetabular roof. It was found at operation that the cup was perforated in the weight-bearing area, and that there was a moderate amount of straw-coloured fluid in the joint as well as fibrous tissue about I cm. thick lining and surrounding the acetabulum. Histological examination of tissue removed from the joint showed small optically active particles of polythene associated with a foreign-body tissue reaction (Fig. 4 ). This case (Newman and Scales, 1951) emphasizes the importance of what one might call the "mechanical suitability" of the material. If, however, the polythene is not exposed to weight-bearing, it appears to be a most useful material for bone replacement. Case II.-A boy, aged 12, was admitted in 1949 to the Royal National Orthopidic Hospital with fibrous dysplasia of the tibia and femur of the left leg (Fig. 5) . A femoral replacement consisting of the head, neck and great trochanter and upper half of the shaft of the femur was carved from a block of polythene.
I-S
It was 8 in. long and weighed 71 oz. Channels were cut in the prosthesis for attachment of the flexors, extensors and abductors of the hip. Amputation was performed on August 2, 1949, by Mr. H. J. Seddon (Seddon and Scales, 1949) , and the prosthesis inserted.
The boy made an uneventful recovery and is now fitted with a standard above-knee artificial limb. X-rays taken in March 1952 show an outline of the head of the femur which is smooth and regular (Fig. 6 ). His condition continues to remain satisfactory. The acetabulum was not touched at operation and, in consequence, the polythene did not come into contact with a rough surface of bone, as was the case with the polythene hip cup (Case I). Also the prosthesis is not transmitting weight, the artificial limb being ischial-bearing.~~~~~~s Porosity of materials.-If an inert material which is non-porous is implanted in soft tissues, it becomes loosely invested by a thin fibrous tissue capsule containing a small quantity of tissue fluid. Fig. 7 shows a tissue reaction induced by a pellet of Staybrite stainless steel implanted two years previously in the anterior abdominal wall of a guinea-pig. If -the material is microporous, it can be invaded by fibrous tissue and become incorporated in the tissues. Fig. 8 is a transverse section of a multifilament polyvinyl chloride thread which has been completely invaded as well as encapsulated 'by fibrous tissue; this implant was inserted 289 days previously. There is no increased vascularity or inflammatory cell reaction. The thread was manufactured from low molecular weight polyvinyl chloride with no additives. Similarly Fig. 9 shows invasion of microporous polyvinyl chloride film, The use of certain fillers also appears to influence the relation of the capsule to the implant. In Fig. 10 can be seen the tissue reaction produced by an implant of urea formaldehyde containing 40% of alpha-cellulose as a filler. The implant was free in the capsule and fell out during sectioning. Fig. 11 shows how the addition of keratin (50%) to urea formaldehyde resin results in the fibrous tissue adhering to the implant. The reason for this difference is not known. Hurst, Grow, Levine, and Perlmutter (1951) is of paramount importance to incorporate the remainder of the implant within the host tissue. In operative procedures involving the replacement of a portion of bone, it is undesirable to rely on the present method of fixation by means of intramedullary pins, nuts and bolts, or plates. Mechanically the union cannot be sound and the bolts particularly are liable to fatigue failure. It may well be that experimental work with suitable porous and/or filled materials will give results of considerable value. Callus and new bone will form around the implant of an inert synthetic material and this callus can be induced by the use of bone grafts in contact with the implant. This has been demonstrated in certain experiments which are at present in progress. The permanence of this new bone which may not be subject to normal forces remains to be established.
The trauma caused by implantation of pellets of materials in animals is usually minimal if distant incisions are made and a trochar and cannula used. The fibrous tissue formation and inflammatory cell response is directly related to the implant. In extensive surgical procedures, fibrosis normally results as a part of the process of repair and this formation, if excessive, may not therefore be attributable to the implant. The production of fibrous tissue also may vary with the individual. The post-operative use of ACTH may possibly be of value, especially in the case of reconstructive surgery ofjoints where it is important that excessive granulation tissue be prevented in order to avoid limitation of movement. SUMMARY Industrial synthetic materials may contain a number of additives or contaminants; a table showing some of these is given. If these resins are to be used in contact with tissues, systematic experimental work is required. We have been carrying out this type of work for more than two years, studying the reaction of tissues to large synthetic inserts in bone and investigating a wide range of materials in soft tissue in guinea-pigs. Certain materials have been used for bone replacement in the goat. (This work is being carried out with the aid of a Medical Research Council grant.) We have also been concerned with the manufacture of prostheses and their use in man. It is clear that the materials used must possess certain defined properties. The tissue reaction can be modified by the chemical constituents of the plastic, by the size of the implant and the formation of its structure. Mention is made of some orthopxdic uses of these materials. Only acrylic resins and nylon monofilaments have so far been extensively used in surgery, but many other plastics are available and the judicious use of them-sometimes in combination with suitable metals-may contribute to the advancement of surgical techniques.
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